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(57) Abstract: 'Ilic prcscni invention comprises a 
system for use of fuel cells in stationary/mobile devices 
with a stable/unstable load profile, having: a fuel 
cell: a buffer for storage of surplus energy arranged to 
function as a regulating system between the fuel cell 
and energy consumption unit; a dumping device for 
dumping of energy when the buffer is full or according 
to need; an energy generator/converter for (ransforming 
energy when required to another form of energy, al 
larger energy demand lhan the fuel cell can meet, or 
for (ransforming of energy which is mil used and which 
shall be stored in another form, or lor transforming 
of energy which is stored in (he buffer which shall 
be dumped in another form; and a procedure lor use 
l hereof. 
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"Buffer/converter/dumping system between fuel cells and 
process" 

The present invention relates to a system for use of fuel cells in 
stationary/mobile devices with a stable/unstable load profile and 
application thereof. 

It can be of interest to employ fuel cells as a producer of electric energy 
or as an energy station in different contexts. Fuel cell installations have 
many characteristics that make the use of these desirable, for example, 
because of fuel economy, environmental considerations, utilisation of 
resources, etc. Installations which can be relevant can be stationary as 
well as mobile units, they can be permanent installations on land, offshore 
or onboard ships, or elsewhere. However, these sites are often 
characterised in that the electric energy load varies to a greater or lesser 
extent over time. Some installations have partly large load variations over 
a short time, which can be more or less predictable. Further, the risk or 
probability for momentary loss of loads, or the wish for a very rapid load 
increase is also relevant. The size of such installations can vary from a few 
hundred kW to several tens of MW. 

A problem in succeeding with such installations is that it is difficult for the 
actual fuel cell installation to follow such an unstable load profile. There 
are chemical-electrical processes taking place and, as a rule, these have a 
limited load area where they function best. For a good utilisation of fuel 
cells, they ought to be allowed to operate within those operating 
conditions they are suited to. This means that fuel cells should only, to a 
limited extent, be exposed to the actual load variations. 

It js known that fuel cells which run on pure hydrogen, so called PEM cells, 
can be regulated quickly, but these are normally smaller installations of up 
to a few hundred kW. Pure hydrogen is costly and demands expensive 
storage facilities that are considered to be high-tech and which, so far, are 
only developed for rather limited capacities. 
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So called high temperature cells, which usuattyTGh on fuels other than 
hydrogen, such as for example natural gas, are much less flexible to 
regulate. It is an advantage if one can use fuel cells that can utilise 
5 natural gas or other hydrocarbon compounds as fuel, as this is cheaper. 

Fuel cells have many advantages that are known to those skilled in the 
arts, compared to other devices, especially in the environmental area. 

10 Furthermore, it is also desirable for technical reasons to have high 
temperature cells. Then, one can, for example, utilise the heat in the 
waste gases. In other words, it is high temperature cells that can run on 
natural gas or other gases or hydrocarbon compounds, and that are not 
dependent on pure hydrogen, which is the most interesting commercially, 

15 and it is this type of installation which the invention, primarily, is intended 
for. It is such cell types that are considered relevant for industrial 
installations, for operation of ships and offshore installations. The 
realisation of projects related to such fuel types are hindered in that these 
cell types are still unsuited to large and "untidy" load variations. By 

20 applying the invention, this hindrance is removed. 

The invention solves this problem by building/arranging technical systems 
around a fuel cell installation in such a way that these additional systems, 
such as buffers, converters and dumping devices, hereafter called 

2S additional systems, take care of load variations that the surrounding 

process demands, and thereby protect the fuel cell installation in such a 
way that the fuel cell installation can function as a producer of electric 
energy within the framework and conditions which the installation is 
designed for. Thereby, the additional systems have a function as a 

30 regulating system between energy producer and consumer. 

The invention is characterised by the characteristic parts of the 
independent claims 1 and 7, while alternative solutions are defined by the 
dependent claims. 
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With such additional systems, use of fuel cell insolations is -made possible 
for applications where there are large and irregular load variations. The 
arrangerrent for dumping of energy, preferably in the form of direct 
5 current/DC, straight into the water dome of the boiler with the aim of 

getting rid of surplus energy momentarily, is an essential characteristic of 
the system. What is special with the invention is that a combination of a 
number of subsystems/circuits and components together provide 
characteristics of the system in its entirety, which has advantages that 

10 were previously not known. Examples of such subsystems/circuits is: Air- 
flue gas circuit with turbine/compressor, boiler for heat recovery and 
additional heating, steam condensation circuit with steam turbine, 
hydrogen circuit with electrolysis device, hydrogen store and PEM cells, 
gas circuit with gas store and distribution system, distribution system for 

15 electric energy including turbine-driven generator, panels and control 

system. The number and extent of such systems are adapted in each case 
dependent on the actual load variations, which are expected in the 
process/application. 



20 Abbreviations used in this application: 

MCFC - Molten Carbonate Fuel Cell 

SOFC - Solid Oxide Fuel Cells 

PEM - Proton Exchange Membrane cell 

OC - Direct Current 

25 

The present invention is a principle solution for how one can construct 
technical systems with components and subsystems, which in itself are 
known, and integrate these in connection with, and around, fuel cells in 
such a way that the fuel cell installation can be operated on its own terms, 
30 and with minimal influence and disturbance from the load variation in the 
surrounding process/consumer system. Furthermore, this additional 
system, which can be built up more complicated or less complicated, 
dependent on which installation it shall serve, has properties, 
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characteristics and capacity to meet the requirements which the actual 
load variations and disturbances of the process dem and: 

Properties that are part of the invention: 

Fuel cells which are desired to be used for production of electric 
■energy in the context where the load profile can show large variations or 
disturbances which exceed the limits which the actual fuel cells should be 
able to cope with, or where it is not desirable that they shall follow, are 
arranged together with technical systems that have characteristics and 
capacity to meet the demands in such a way that the fuel cells are not 
unnecessarily loaded or disturbed in their function of operating durability. 

The buffer systems can be put together in different configurations, 
according to the characteristics of the actual installation that is to be 
served. 

The buffer systems can be arranged so that outgoing electric 
energy production from the installation can be regulated from zero, 
without the fuel cell installation having to be closed down, to a maximum 
capacity that can lie considerably higher than the capacity of the fuel cell 
installation on its own. 

The buffer systems can function as an important part of a 
regulating system for the whole installation so that: 

o short lasting load variations are handled by the additional 

system at their own buffer/dumping capacity 

o surplus energy can be led out of the system at very short 

notice 

o additional energy can be provided at very short notice with 
the help of the internal characteristics and buffer capacity of the 
additional systems 
- The additional systems can regulate the level of the energy 
production from the installation within wide limits, which go both below 
the minimum and above the maximum capacity of the central fuel cell 
installation. 
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Examples of an application of the invention can be: 

Instant variations in the need for electric-energy are handled by a 
steam turbine with generator and a steam circuit. This circuit has its own 
internal buffer capacity. 

A larger momentary load decay in the process can be handled in 
that a surplus amount of energy, which is expediently regarded to be in 
the form of electric energy/DC, is dumped straight into the water dome in 
the boiler, or it can be solved by bypassing steam outside the steam 
turbine and directly to the condenser and thereby relieving the steam 
turbine driven generator. 

A request for momentary or very rapid increase of the production of 
electric energy, for example at start-up of large consumers or in an 
emergency situation where maximum effect is desired to bring a ship 
away from a dangerous situation, can, for example, be achieved by: 
opening up for increased steam supply to the turbine; igniting gas burner 
for additional burning in the boiler to increase the steam production; start 
PEM cells on hydrogen. 

All these actions, which can together have a capacity which exceeds the 
capacity of the high temperature cell, can be put into effect at very short 
notice, in a matter of seconds actually, without the high temperature cells 
needing to be influenced. 

A load over a longer time that is higher than the capacity of the high 
temperature cells can be achieved by: 

running PEM cells on hydrogen 

additional firing of the boiler with gas 

additional firing of the boiler with oil 

additional firing of the boiler with another fuel 

Longer time at very low or no load can, for example, be solved by: 
producing hydrogen for storage until the store is full 
regulating the high temperature cells down to zero output, 
but maintaining the temperature by gas firing. 
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The invention shall now be described more ctetatted with help of the 
enclosed figures, in which: 

5 Figure 1 shows examples of schematic, graphic presentations of load 

variations. The variations can be greater or smaller and can be statistically 
irregular in shape and time. 

Figure 2 shows an example of a schematic, graphic presentation of a load 
10 disturbance. 

Figure 3 shows an example of a load profile in a fuel cell installation. A 
schematic picture of possible load variations over time when a ship is in 
operation. 

15 

Figure 4 shows a schematic presentation of an example of a (sub) system 
with a fuel cell with an air-flue gas circuit. 

Figure 5 shows schematically a more developed installation, comprising 
20 the subsystem shown in figure 4. 

Figure 6 shows schematically a simplified version of an installation to 
show that simplified versions of additional systems can be utilised. 

25 Figure la shows a load variation between 300-1000 kW. This can be an 
example of a ship that is docked, or which is lying still during loading. 

Figures lb and lc show working situations where one operates within a 
load range of 3-7 MW or 0.5-5 MW, respectively. The variation in these 
30 figures is ±20 % per 5 seconds. The figures show that within these 

ranges, one can have load variations of ±20 % in 5 seconds. This can, for 
example, occur when the ship must achieve a required speed, because of 
weather conditions, or other factors that change the load of the ship. 
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Figure 2 shows an example of a working situation with load variations of 
±30 % over 15 Seconds, but where incidentatl^rge load disturbances of 
±90 % over 5 seconds occur. This can be caused by the weather, or other 
factors. 

The illustration in figure 3 indicates an example of a load area for the 
main fuel cell installation, between level 1 and level 2, in this example 
about KS25 kW-3250 kW. The area between 1625 kW and actual load 
when this is lower, marked "to buffer", shows surplus energy that is 
stored. The area above 3250 kW, marked M from buffer", shows energy, 
which is taken from the surplus, store and applied to the top load. The 
area between level 1 and level 2 indicates a normal working level for a 
certain type of fuel cell installation. The fuel cell installation can/should 
not be loaded outside the area between level 1 and level 2, but because of 
the system according to the invention around the installation, significant 
higher effects or significant lower effects can be achieved with the total 
system than with the fuel cell installation alone, without this being harmful 
to the fuel cell. 

Figure 4 shows an example of an air-flue gas circuit around a fuel cell. 
This is a relatively simple embodiment of the invention. Surplus energy 
that is produced and converted in the fuel cell/converter (1) is led by way 
of the exhaust/outlet (2) and by way of an expansion turbine (3) to a 
boiler (4) that can function as a buffer or converter. A steam circuit (5) 
with a heat exchanger (12) is arranged in the boiler to recover heat or 
pressure which can be used in the rest of the installation onboard the 
ship. The exhaust from the boiler (4) is vented through an exhaust/outlet 
(7). Furthermore, the heat in the boiler is used to heat air from the fresh 
air inlet (9), which is compressed through the turbo compressor (8). The 
compressed air (6) is preheated in a heat exchanger (11) and led to the 
fuel cell/converter (1). Furthermore, there is a possibility of additional 
firing with the help of a nozzle (10). 
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Figure 5 shows an example of the system according to the invention. The 
system is built around a fuel cell (1) which runs~on naturaFgas that comes 
from a natural gas store (2) by way of a gas inlet (18). The exhaust gas 
from the fuel cell (1) is led to a boiler (3) by way of an exhaust (19), an 
5 expansion turbine (8), and exhaust inlet (23). The boiler (3) and 

surrounding systems have the aim of recovery, storage and conversion of 
energy. The boiler itself stores energy in the form of heat and pressure. A 
heat exchanger (21) is arranged in the boiler (3) whereby it heats the 
compressed air that comes from the turbo compressor (7), and which is 
0 led into :he fuel cell (1) by way of air inlet (16). Furthermore, a heat 
exchanger (15) is arranged in the boiler (3) whereby water, which is led 
into the fuel cell (1), is heated. 

Furthermore, a water-steam circuit is arranged, which serves for storage 
5 and conversion of energy. This circuit comprises a pump (25) for supply of 
water, a water container with heating element (14) for evaporation of 
water, a heat exchanger (24) to provide heat to, for example, the central 
heating onboard the ship, a steam container with outlet (13) for saturated 
steam to a heat exchanger (22), a pipe for superheated steam which 
0 leads to an expansion turbine (9), a condenser (10) to recover water that 
can be reused in the system. The expansion turbine (9) drives a direct 
current generator (11) to convert a part of the energy to electricity. 

Nozzles (12) are arranged in the boiler (3) for additional firing. 

5 

Furthermore, a hydrogen circuit is placed around the fuel cell (1). This 
circuit is used in the conversion and storage of surplus energy, which can 
be used when needed later on. Energy from the fuel cell (1) is led to the 
installation onboard the ship (26), to meet the energy need of the ship. 
An AC/DC converter (20) converts alternating current to direct current for 
the same purpose. Further, electricity from the direct current generator 
(II) is supplied to the installation onboard the ship (26). Surplus energy 
from the fuel cell (1) is led to an electrolysis device (4) according to need. 
This electrolysis device forms hydrogen from water by the use of the 
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electric energy supplied from the fuel cell (1). Hydrogen is stored in a 
hydrogen storage unit (5). When there is a nEBCTfor more electric energy 
onboard the ship, hydrogen from the hydrogen storage (5) is used in a 
PEM cell (6) to generate electric energy. Hydrogen from the hydrogen 
5 storage '5) can further be used as a fuel for the fuel cell (1) when needed, 
or as fuel in another energy converter. 

Figure 6 shows a corresponding system to that shown in figure 5. The 
same components are used, but the circuits are set up in an alternative 
LO way. 

A complete installation can have several sub-circuits with different 
functions;. The fuel cell can be arranged with one or more of the following 
connections: 

15 - Natural gas inlet, for example, evaporated gas from the LNG store 
(Liquefied Natural Gas). 

The gas will normally be delivered having a temperature corresponding to 
the ambient temperature. 

Water inlet. The water can be preheated or in the form of steam. 
20 - Air inlet. The air is assumed to be preheated. A suitable 

temperature is chosen. The amount of air is adjusted to the operating 
situation. 

Exhaust exit. 

25 A turbo charger can be arranged to drive the air-exhaust circuit. The 

pressure which shall be built up by the turbo charger shall be sufficient to 
overcome the pressure drop across the reformer/fuel cell, the necessary 
pressure drop across the driving turbine and the pressure drop across the 
boiler. 

30 

Systems corresponding to those in figures 5 and 6 are examples of 
embodiments of the present invention. They can, for example, comprise a 
fuel cell unit (MCFC or SOFC) boiler/heat recovery boiler, hydrogen circuit, 
LNG circuit with LNG connection, steam-condensate circuit with steam 
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turbine device, LNG or oil burners, air-flue gas circuit, (compressed air) 
generator which-preferably is a turbo compressor, heat exchanger for 
service neat circuit, electric energy circuit for, among other things, supply 
of electricity to the consumer system. 

The steam circuit drives a steam turbine that drives a DC-generator. The 
fuel cell supplies DC to a DC distribution zone. The turbine driven DC 
generator supplies the same to the DC distribution zone. 

In case of a sudden loss of the load, DC-energy can be directed to a 
heating spiral in the water in the boiler. This is controlled by automation 
techniques. Such dumping of electric energy in the boiler will produce 
steam. In case of surplus steam production, steam can be dumped further 
in the ccndenser and thereby energy is released out of the system. Steam 
to the turbine can be led outside the turbine and directly to the 
condenser, whereby the production of electricity from the generator is 
dumped. 

In case of sudden need for rapid build-up of necessary electric energy, 
this can be provided by opening for increased steam flow and additional 
heating of the boiler by starting the gas burner. Steam for turbine electric 
energy can be produced in the boiler by: 

heat recovery from the exhaust gas 
additional firing with gas burners 
additional firing with diesel oil burners 
additional firing with other types of burners 

Dumped electric energy in the boiler water is not regarded as a way of 
producing steam to the turbine. This is a way of getting rid of produced 
energy in emergencies, or in case of a sudden loss of a large energy 
consumer, or surplus energy as a consequence of a load reduction that is 
taster than the fuel cell can/should follow up on. 
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An alternative to dumping surplus electric energy in the boiler is to dump 
it to an electrolysis unit to produce hydrogenr+fydrogen is then stored to 
later be used as a fuel in a PEM cell device to produce electric energy. This 
assembly can be practical to arrange in combination with the fuel cell, as 
5 the fuel cell can have a defined minimum capacity below which it should 
not run. So, in periods where the need for energy is lower than the 
preferred operating state of the fuel cell, the surplus energy can be led to 
the elect rolysis unit. Later, when the need for energy is greater than the 
capacity or than the preferred operating state of the fuel cell, the PEM cell 
10 can be activated to produce topping-up load energy instead of the steam 
turbine. This adds redundancy to the system. 

Because of the additional system with buffers, converters and dumping 
devices, the capacity of the whole system can be substantially greater 
1 5 then the capacity of the fuel cell on its own. This makes it possible for the 
fuel cell to operate at a more or less steady level, and thus, large fuel cells 
can be applied onboard ships, something that has not been possible 
previously. 

20 Fuel cells of types other than MCFC can be used. The system can be 

assembled with any type of fuel cells or converter/fuel cell combination 
that renders exhaust gases with such a high temperature that it is 
convenient for heat recovery to steam production, as, for example, SOFC 
(Solid Oxide Fuel Cell). 

25 

The invention is comprised of a system for use of fuel cells in 
stationary/mobile devices with a stable/unstable load profile, comprising a 
fuel cell; a buffer for storage of surplus energy, arranged to function as a 
regulating system between the fuel cell and the energy consumer unit; a 
30 dumping device for dumping of energy when the buffer is full; and an 
energy generator/converter for transforming of the energy stored in the 
buffer to a desired form of energy, during larger energy needs than the 
fuel cell can meet, or for transforming of energy which is not used and is 
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to be stored in another form, or for transforming of the energy stored in 
the buffer which-is to be dumped in another f orm: 

The invention is also comprised of a system for use of fuel cells in 
5 stationary/mobile devices with a stable/unstable load profile, comprising 
one or more of the following components: several different/similar fuel 
cells; several different/similar buffers; several different/similar dumping 
devices; several different/similar converters; and several different/similar 
subsystems. 

10 

The invention is further comprised of a system for use of fuel cells in 
stationary/mobile devices with a stable/unstable load profile; where the 
buffer can be one or several of the following appliances: a pressure boiler 
with a fluid, a hydrogen tank or other storage unit for hydrogen; or other 
15 devices that are known to those skilled in the arts. 

The invention is further comprised of a system for use of fuel cells in 
stationary/mobile devices with a stable/unstable load profile, where the 
dumping device can, for example, be one or several of the following 
20 appliances: a steam exhaust, a condenser; an electric heating element in, 
for example, water; or other appliances that are known to those skilled in 
the arts. 

The invention is also comprised of a system for use of fuel cells in 
25 stationary/mobile devices with a stable/unstable load profile, where the 
converter can, for example, be one or several of the following appliances; 
an electrolysis unit; an evaporation unit, a condenser; a turbine; a 
generator; a gas burner; a PEM cell (Proton Exchange Membrane); a 
heating element; or other appliances that are known to those skilled in 
30 the arts. 

Furthermore, the invention is comprised of a system for use of fuel cells in 
stationary/mobile devices with a stable/unstable load profile, where it is 
comprised of one or several of the following subsystems: an air-flue gas 
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circuit with turbine/compressor; a steam boiler for heat recovery and 
additional heating; a steam-condensate circuit with steam turbine; a 
hydrogen circuit with electrolysis unit; a hydrogen store and PEM cells; a 
gas circuit with gas store and distribution system; a distribution system 
for electric energy with turbine driven generator, panels and control 
system; or other appliances that are known to those skilled in the arts. 

The invention is also comprised of a procedure for use of the device for 
use of fuel cells in stationary/mobile devices with a stable/unstable load 
profile, where the energy that is produced by the mentioned fuel cell, and 
which is not used by the mentioned system, is stored in the mentioned 
buffer; when there is a need by the mentioned system for more energy 
than the fuel cell can momentarily deliver, energy which is stored in the 
mentioned buffer is used; the energy which can not/shall be stored in the 
mentioned buffer is dumped by way of the mentioned dumping device; 
energy which is required in another form is converted by way of the 
mentioned converter; energy which is required to be transported to 
another part of the system is transported by way of the mentioned 
subsystem: or application of other devices which are known to those 
skilled in the arts. 

It shall be mentioned that the converters to convert energy from the one 
form to the other can also be used as a dumping device to get rid of 
surplus energy or unwanted energy. 

Systems which are comprised of the invention can be very complex, or 
simplified versions thereof. The complexity of the system is dependent on 
intended use and is considered to be technically predetermined. 
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CLAIMS 

1 . S/stem for use of fuel cells in stationary/mobile devices with a 
stable/unstable load profile, comprising 

a) a fuel cell; 

b) a buffer for storage of surplus energy, arranged to function as 
a regulating system between the fuel cell and the energy 
consumption unit; 

characterised in that the system further comprises 

c) a dumping device for dumping of energy which is required to 
be led out of the system when the buffer is full or according 
to need; 

d) an energy generator/converter for transforming the energy 
stored in the buffer to a required form of energy, at greater 
energy need than the fuel cell can meet, or for transforming 
of energy which is not used and which shall be stored in 
another form, or for transforming of energy stored in the 
buffer which shall be dumped in another form. 

2. System in accordance with claim 1, characterised in that the 
system comprises one or several of the following components: 

a) several different/similar fuel cells; 

b) several different/similar buffers; 

c) several different/similar dumping devices; 

d) several different/similar converters; 

e) several different/similar subsystems. 

3. System in accordance with claim 1, characterised in that the buffer 
can be one or several of the following devices: 

a) a pressure boiler with fluid 

b) a hydrogen storage unit with hydrogen. 

4. System in accordance with claim 1, characterised in that the 
dumping device can be one or several of the following devices: 
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a) a steam exhaust 

b) a condenser 

c) an evaporator 

d) a heating element 

5 System in accordance with claim 1, characterised in that the 
converter can be one or several of the following devices: 



a) 


an electrolysis unit 


b) 


a condenser 


c) 


a turbine 


d) 


a generator 


e) 


a gas burner 


0 


a PEM cell (Proton Exchange Membrane) 


g) 


a heating element 


h) 


an evaporator 



6. System in accordance with claim 1, characterised in that it 
comprises one or several of the following subsystems: 

a) an air-flue gas circuit with turbine/compressor 

b) a boiler for heat recovery and additional heating 

c) a steam-condensate circuit with steam turbine 

d) a hydrogen circuit with electrolysis unit 

e) a hydrogen store and PEM cells 

f) a gas circuit with gas store and distribution system 

g) a distribution system for electric energy with turbine driven 
generator, panels and control system 

7. Method for use of the system in accordance with claim 1, 
characterised in that 

a) the energy which is produced by said fuel cells, and which is not 
used by the mentioned system, is stored in said buffer; 
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b) at the need of said system for more energy than the fuel cell can 
deliver momentarily, energy that is st o re d in the mentioned 
buffer is used; 

c) energy which can not be stored in said buffer, or which is 
required to be removed momentarily, is dumped by way of said 
dumping device. 

d) energy which is required in another form is converted by way of 
said converter, 

e) energy which is required to be transported to another part of the 
system is transported by way of said subsystem. 
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